Attachment 11

Relevant pages from:
“Final Report: 104-Week Dietary Carcinogenicity Study
With 1,2,4-Trichlorobenzene in Mice,
With Cover Letter Dated 6/15/94”
(pages 27 — 30 intentionally omitted)



A A o oy i Ve e T X B Moo Tl BT it a0 N e PRI T "..-ﬁﬂm%
Attachment ||

O NG FORMS FPOR SRC INDEXING

bl o Wk aach

r 3 - =

LFLCID:iEhH N

Submicting
Organization !

Title

Document

o

¥ STURY WITH

#INAL HEFORT, 104-WEEX DIETARY CARCINOGENTC

LETTER DBATED 6/15/94

1,2,4-TRICHLOROBENZENE IN MICE,

. i, sy

Chemical Categor




GFE”

CHOMECAL WAMNUFACTIICENG ASS0CATION

Juns 15, 1994

V1A MESSENGER

Lee'n

ATTN: TSCA Saction 4 duakiag Ay i
Hike Gorol TN TN =
T5CA Public Informntion Office £
Niflco of Follution Prevention and Toxics aZ
Uy, Eovironmental Protection Agency o
Fonm H.E. Hall G102

401 B Street, 5W —=
¥eshington, D.C. Z0480 —
RE;  Chlorinated Bonzenes Final Test Rule: Oncogenicity Tostlug afcn

1,2 4-Trichloroheanzane (40 CFR 79%9.1053): Final Raport

= 5

Dwar Sir/Hadam:

The Chemicel Hanufacturers Assoviation submits
fInal report sntitlad:

"104-Wesk Dietary Carcinoganicity Study with 1
in Mice."

The study report is submitted an hehalf of tho
Standard Chlorine Chanical Company, Inc.

Any gueationas regarding this submission should he dirscted to the

Lasl aponsar,

gix noplen aof the

Chloicbenzenes Panel Manager, Dr. Carol R, Stack, at (202) BR7-1196.

Sinceraly,

/s

angley &, Spurleck, Ph.D., CAE

Vice Preaident, CHEHSTAR

Enclosures (6)

o ot Hicheel Btahl, Director, Offica of Compliance Houitoring
Roger Nalson, OPPT/CCD/CTIR
Chloxobenzenes Paoel, 1,2,4-TCE Task Group

2501 M Stroet, MW, Washington, DG 20007 Tesphors 202-B87-1100  Fax 2028571277 %% m

L i
el E itk
L:h|:d3d

1,2 4=Trichiorobanzanu




B e B e e i T n e e B e S e
y o _ T T

2RONSOT:

Standard Chlorine of Delaware, Inc.
Governor Lee Road
Delaware City, Delaware 19706

FINAL REPORT

Study 11tle:

104-Week Dietary Carcinogenicity Study
with 1,2, 4-Trichlorobenzene in Mice

Author:
Michael K. Hoore, Ph.D., 0.A.0.T7.

Performing Laboratory:

Hazleton Washingteon, Inc. (HWA)
1330-8 Piccard Drive
Rockville, Maryland 20850

raiory frof ntification:
HWA 2803-104

Volume I of IV

Page 1 of 1462

it

i=

s S
Lkl 417
_‘__' L}
e iy
= :I.l_"_:
= o 1Ty
prard g
(52




o HWA 2603-102
@ HAZLETEN

COMPLIANCE STATEMENT
104-Week Dietary Carcinogenicity Study
with 1,2,4-Trichlorabenzene In Mice

This study was conducted in compliance with Lhe Good Lahoratory
Practice Regulations as set forth in Tit1 40 of the U.S. Code of Federal
Regulations Part 792, fssued November 29, 1983 (effective' Docember 29,
1983), and with any applicable amendments. All deviations from the
protuce] and/or GLPs are listed in Appendix 11. Thera were no deviations
from the aforementioned regulations which affected the quality or
integrity of the study or the interpretation of the results in the report.

Study Director:
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Michael R. Moore, Ph.D., D.A.B.T. o Date
Department of Texicelogy

o
O

e T TR R ,i_;-l_-,l_._-.";,l_'-i-_,;,lm [T

=




HwA  2603-102

QUALITY ASSURANCE STATEMENT

study Titla: 104-Week Dietary Carcinogenicity Study with 1,2,4-
Trichlorobenzene in Mice

Project Ko.: Z2603-102

Quality Assurance inspections and reviews of this study were conducted
according to the standard operating procedures of the Quality Assurance
Unit and according to the Good Laboratory Practice regulations of the
Environmental Protectien Agancy (EPA - TSCA), Title 40 of tha U.5. Code of
Federal Regulations Part 792, fssued November 29, 1983 (effective December
28, 1983) and with any applicable amendments. Thesa inspactions and
revicws were performed and findings were reported to the Study Director
and management as follows:

Dates Findings Reported
to Management/
Study Director

Dates of

Inspection/Review Inspector/Revicwer

Protocol Revicw:

/13791 2/14/91 S, Ripley
Inspection and/for

Data Peview:
3/24-26,78-29,4/5 B/ 4/30/91 B. Hunch
6/17,18,24,-25,27-30/91 77167591 K. Newland/ B, Munch
9/11-13,16-18,10/1-3,10/91 18/31 /91 K. Newland/B. Munch
12/9-11,16,17,31/91;1/2-3/92 Lj22/92 B. Mupch
3f4.5.9.]ﬂ,]2.]3.!6,f?,lgfg? 4/7/92 . Hunch
6/5,8,9,11/92 T/14/52 L. Cassal]
9/7-9,23/52 16/13/92 0. Huilett
12/7,89/82;1/4/93 /14783 5. Ballenger
3/11,22-25,29-31/43 4/16/93 5. Bullenger
Report and Data Feviow:
11;4—5,}D—IE,]4—15,13-19,23~
£4,27-30512/1-3/93 12/3/93 L. Cassell
1/4-5/04 174754 L. Cassel
B/3,6/04 6/6/54 L. Cassell
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Guality Assurance Unit
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104-Week Dietary Carcinogenfcity Study
with 1,2,4-Trichlorebenzene in Mice
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Clinical Pathologist: Rendo €. Poarson, M.S., D.Y.M.,

Diplomate, American Callege of
Veterinary Pathologists

Biostatistician: Adit K. Thakur, Fh.D.
Veterinarian; Mark 0. Walker, D.¥V.H.
fimalytical Chemistry

Superyisar: Janice G. Dorschper, B.S5.
Formulations Supervisor: Danny L. Thomas, B.S., LAT
Latioratory Supervisar: Preston L. Burlew, B.A., LATg
Laboratory Group Leader: M. Douglas Jones, A.A., LAT
Laboratary Head Technician: Dalton E. Saunders, LAT
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1.,2,4-Trichlorobenzene was administered dally in the aiet to
B5C3F1 mioo for at least 10° -onsecutive weeks to evaluate the oncogenic
potential of the test mater There were 50 mica per sex in cach study
group. For Groups 2, 3, a ., target dietary concentrations of 1,2, 4-
Trichlorobenzene were 150, 700, and 3200 ppm. The concurvent contro)
(Group 1) was administered the basal diet alene. FParamelers ovaluated
were mortalily; clinical observations; body weight, food and compound
consumption data; hematology parameters; organ welght data; and NeCropsy
and histopathology findings,

For Groups 2, 3, and 4, during Weeks 1 through 104, the mean
daily consumed dose (based on target dietary concentrations) of 1,2,4-
Irichlorobenzene was 20,9, 100.5, and 522.0 mg/kg/day, respectively, 1n
the males; and 26.2, 127.2, and 574.5 mg/ka/day, respectively, In the
females, The mean dafly consumed dose (based on assayed dietary
concentrations) was 21.0, 100.6, and 519.9 mg/kg/day, respectively, in the
males; and 26.3, 127.0, and 572.6, respectively, in the females of Groups
2, 3, end 4, Therefore, throughout the study, the mean daily dose
consumed by females in Groups 2, 3, and 4, was 25.4%, 2C.6%, and 10.1%
greater, respectively, than the mean daily dose consumed by majes 15 the
same dose groups,

The no-observed-effect-level (NOEL) of 1,2,4-Trichlarabenzens for

(
tarcinogenicity was 150 ppm; and the no-observed-adverse-effect-leve]
{NOAEL) for systemic toxicity was 150 ppm. A no-ohserved-effact-lavel
(WOEL) for systemic toxicity was not achieved.

The 3230 ppm dietary concentration produced the following
treatment-related effects in males and females: a significant decrease in
survival at Week 104; significant depressions of weekly mean body weights
and mean total body weijht gain; significantly decreased mean food

consumption values, increased incidence of urine stains: evidence of a

“ 8 «
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distended abdomen {(in 92X of the males and BC% of the females); liver
masses (in 92% of the males and B8% of the females); significantly
increased mean Yiver weight values (absolute and relative to hody weight
and to brain weight} in the males (no females survived to study termina-
tion): hepatocellular carcinomas (in 100% of the males and 92% of the
females); hepatocellular adenomas (in 4% of the males and 16% of the
females); centrilobular hepatocylomegaly (in 40% oFf the males and 168 of
the females.

The 700 ppm dietary concentration produced Lhe fallowing
treatment-related effects in males and females: evidence of a distended
abdomen (in 34% of the males and 38% of the females), )iver masses {in 74%
of the males and 74% of the females); increased mean Tiver weighl vaiues
in both sexes (mean zbsolute and relative to bndy welght values were
siant ficantTy increased tn the males; mean absolute and relative to bady
weight and to brain weight values were significantly increased in the
females); hepatocelluiar carcinomas (in 54% of the males and 56% of the
Females); hepatocellular adeneomas (in 32% of the males and 32% of the
females): centrilobular hepatocytomegaly (in S4% of the males and 2% of
Lhe females,

The 150 ppm dietary concentration alse smroduced the following
treatment-related effects: evidence of distended abdemen (in 22% of tha
males and 26% of the females compared to 1Z% in the control m Tes and 14%

1 the contral females); increassd mean liver weight values (ahsolute and
relative to body weight and to brain weight) in the males and females (all
values significantly increased with the exception of the mean liver-to-
body weight and Tiver-to-brain-weight ratios in the males). Although
there were gross indications of liver enlargement, microscopically, there
was no indication in males or females of increased incldence aof
hepatocellular carcinomas, adenomas, or centrilobular Lepatocytomegaly,
conpared to the controls.

Jrg
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INTRODUCTION

This study was designed to evaluate the oncogenic potential of
1,2,4-Trichlorebenzene when fed daily to mice for at Jeoast 104 weeks,
Desing began on March 13, 1991, and terminal sacrifices were completed on
March 16, 1293,

The study was designed in accordance with the US EPA TSCA Heallh
Effects Testing Guidelines, 40 CFR 798.3300 and conducted in compliance
with the T[5Ch Good Laboratory Practices Standards, 40 CFR 792, fssued
November 29, 1983 (effective December 29, 18983). Protocal and all
amendments are presented in Appendix 10; deviations from protocol and/or

GLPs are prezented in Appendix 11,
TEST AND COKJROL MATERIALS

The test material, 1,2, 4-Trichlorobenzene, lot Ho. 071486, a
clear, colorless liguid, was received from the Sponsor on December 19,
1890, and stored at rcom temperature (protected from light). The purity
was reported to be 98.9%. Information on the methods af synthesis and
siability, as well as data on composition or other characteristics which
define the test material, is on file with the Sponsor,

Purina® Certified Rodent Chow® #5002 was used as the basal ant
control feed.

A reserve sample of the test material (10 g was taken prior to
initiation and stored at room temperature (protected from light). The
sample will be archived at HWA.

Follewing completion of the in-1ife phase, the Testing Facility

disposed of all remaining test material.

=z M=
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TEST ANIMALS AND HUSBANORY

A total of 530 (7266 males and 264 females) anproximately
d-week-old B.C,F, JCrlBr VAF/Plus® mice was received on February 26, 1951,
from Charles River Laborateries, Inc., Raleigh, North Carslina. Animals
were assigned temporary animal  numbers, acclimated to laboratary
conditions for approximately 2 weeks, and released for study use hy &
staff veterinarian. During the acclimation period, Flv. animals/sex were
randonily selected and examined for the presence of pathogenic endo- and
ectoparasites using standard screening procedures and serology assays for
comnon laboratory viruses, There was no evidence of pathogenic enda- or

ecloparasites or viruses.

Caging Conditiens - Upon receipt, the animals were housed
twa/rage in suspended stajnless-steal, wire-mesh cages. Animal cages and

racks were sanitized once every 2 weeks; excreta trays bencath the animal
ceges were changed at least three times/wesk.

Feed and Water - Purina® Certified Rodent Chow® #5007 was
available ad Tibitum during the acclimation and study periods, unless
otherwise noted. The feed was analyzed by the manufacturer for
concentrations of specified heavy metals, aflatoxin, chlorinaled
hydrocarbons, organophosphates, and specified nutrients. Tap waler, wvia
an automatic wateéring system or water bottle {changed twice weekiy), was
available ad 1ibitum during the acclimation and study periods, The water
is routinely 2nalyzed for environmental contaminants and specific
microbes. Resulis of feed and water analyses are on file at HWA.

The Study Director and/or Spansor considered the possibility of
interfering substances potentially present in animal feed and water,
including the test materizl itself or possible structurally related
materials. MNone of these contaminants were reasanably expected to be
present in anima. fesd or water at levels sufficient to interfere with

Lhis study.
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Fnvironmental Cenditions - Controls were set to maintain the

temperature at 72 + 6°F with a relative humidity of 50 + Z0X. Ten or
gqreater air changes/haur were maintzined in each housing roem and a
12-hour light/lZ-hour dark cycle werc maintained. Animal racks ware
rotated arcund the animal room every 2 weexs,

ies - The mouse was selected far use an this
11y have been used in safety evaluation

Justification of Spec
study because mice historica
studies and are recommended by the appropriate regulatory agencies,

MLTHODS

Group Assignment and Dosage levels

Animals were initially accepted into the randemization pool based
upon physical examinations; animals with findings were eliminated from the
randomization poel, A total of 400 mice (200/sex) was assigned to study
using a computerized weight randomization program by first eliminating the
animals with extreme body weights and then selecting the random assignment
which produced homogeneity of varfance and means by Bartlett's test {1837}
and one-way analysis of variance (ANOVA). At the time of randomizatiaen,
the weight variation of the animals selected did not exceed 2205 of the
mean hody weight for each sex, and the mean body weight far each g oup of
each sex was not statistically different. Animals were 2ssigned to groups

as follows:

Dietary Level?  Nusber of Animals Animal Humcers

Eruuf ] Hale Ferale Halas Female
1 [foniral) i %0 L0 AS249-A57494 AS799-45340
2 [Lew] 150 50 =0 AS534%=-A5396 ALRAF7-A5448
3 [Midd) Too 50 50 A5445-45450 AD4TF-A5540
§ [High) 3260 ) Fie ASSAG -ALETE ASHFI-ARE4R

2 Based o the compound valattlity the diets mere prepared 10X higher than farget

- 12 -
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: During the randomization process, the study animals wore iasigned
unigue individual numbers and individually housed. The animals wWETe
A permanently identified by a BioMedic® microchip identification device
i implanted subcutancously. Due to the volalility of the compound, each
b group was housed in a separate room to minimize possible conlamination.
' At initiaticn of dosing, the animals were approximately & weeks
of age with body weights ranging from 19 to 76 g for the males and 16 to
: £2 q for the females,
?Nl. Animals not used on study were removed from the study rooms and
}gi euthanized,
ﬁ%& Compound Formulation and Administration
f'ﬁ' The test material was assumed to be 100% for dosage calculatio:
};2 purposes. Fer each dietary level, the test material and basal foed were
: - weighed on an appropriate balance (mg or kg) into a gqlass heaker or we i gh
Q;Ib pan, respectively, Approximately 200 g of compacted feed was Lransforred
(o into a Waring blender. The weighed amount of test material im Lhe glass
»f? beaker was then transferred inte a Waring blender by rinsing the beaker
Em; with feed taken from the weigh pan, and adding the feed rinses ta the
s blender, The resultine premix was then blended for approximately 2
E ¢ mirutes to ensure an apparent homogensous mixture. The premix was
i?’- transferred to a Fatterson-Kelley twin-shell mixer (fitted with ar,
' intensifier bar} containing the remaining reguired amount of basal feed.
_ The dietary formulation was then mixed for 1 minute/kg.
;; Fresh diets were prepared weekly at 110% of actual target
; ; concentration and frorzen prior to use. The test diets were available oy
B the animals 7 days/week (unless otherwise noted} for at ' 04 weoks
; and were available until the day prieor to necropsy. The control s
" were fed Purina® Certified Rodent Chow® #5002 in the same manner as the
test animals.
0 - 13
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Reserve samples of each weekly formulation were taken and stored
in the freszer, The reserve samples will be discarded after the {ssuance

of the final report.
The test material was administered via the diet becauss the

potential human exposure is by the oral route,

Analysis of Prepared Formulations
Bulk Chomfcal  Analysis - The Lbulk  chemical  purity of

1,2,4-Trichlorobenzene was determined prior to treatment, approximately
every G-months, and at termination.

Homogeneity - For this study and the companion rat study (HWA No.
2603-103), evaluation for homcgeneity was parformed cn representative
formulations for the low-dose (100 ppm) for the rat study and the
high-dese (3200 ppm) for the mouse study. The same formulation balch size
(36 kyg) and mixing procedure were used for both studies.

Stability - For the low- and high-duose formulations {100 ppm and
3200 ppm, respectively), analyses were conducted prior to inftiation of
dosing to assess the stability of analytical samples stored frozen in
glass jars for 0, 7, and 2] days; and for aliguots of the test diets
storad frozen in glass Jjars (same manner of storage used for diets
presented to the animals) fer © and 10 days. Fer the analytical samples,
additional analyses were conducted to assess Day 58 freezer stability from
formulations prepared for Wesk S0 (HWA 2603-102) and Day €2 freezer
stability from formulations prepared for Week 76 (HWa 2603-103). Analyses
were performed in dupiicate from samples stored in the freezer,

Concentrgtion Analyses - Sampies of each male and female
formulaticn taken from animal feeders at Weeks 1, 2, 3, 4 and every 4
weeks thereafter were anaiyzed in duplicate for concentration of the test
material. Foed was analyzed for initial concentration and after 2 2- and
3-day presentation to the animals, For each study group, the male and
female composite ending diet samples were prepared by dumping the contents

- 14 -
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from cither 2 male or 2 female feeders [as approximate) into a glass Jar
(approximately 1 gallon), capping the Jar and gently mixing the contents,
The contents were then transferred to a claan glass sampling Jar, filled
to Teave no head space and immediately capped with Teflon®-Tiped Tids.
For the Group | ending diet sample, the residual feed from 2 male and 2
female feeders was combined as & single sample for assay.

Analytical Method - The analytical mathod used to assay the level
of test article in the diet involved extraction of Lihe test article from
Lhe feed mixture using isc-octane and analysis using gas chromatography
and an electron capture cetector (ECD). The method §s fully outlined fin

Appendix 1.

Oheervations angd Records

Mortality and Clinical Observations - The mice were ohsarved for
mortality and moribundity twice daily. A thorough physical examination
was conducted weekly, A careful cageside cobservation for obwious
indications of toxic effects was performed once dafly.

Jody Weight and Food Consumption - Body weights were measured and
recorded at randomization, prior to treatment, weekly for 16 weeks, and
every fourth week thereafter and at Week 105, Food consumotion was
measured and recorded weakly for Wesks 1-16 and every Tourth week
therzafter. When cbvicus spillage or wastage of food was recorded during
the detailed physical examinatien, thes estimate of food consumptiazn for
that animal was excluded from the calculation of group mean food

consumptien during the affected interval.

Clinical Pathology

During Wz2eks &2 and 78 of treatment all znimals ware sampled for
hematclogy via tajl clip. Anin:zls were Lied in zscending order and were
alternated betweer sexes, At termination all surviving znimals were
fasted overnight with water avaijable prior to ¢linizal hematology

- Y5«
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sampling via tail clip. At termination the sampling sequence was the same
as tha necropsy sequence. Each group was sampled {independently of the
other study groups) during the same phase of the diurnal cycle. The blocd
smears were used to determine cellular morphology and leukocyte
differenttals for the Group 1 and 4 snimals for 311 intervals and the
Group 3 animals for Weeks 52 and 105. Samples were also taken on moribund
anim=1s prior to sacrifice when possible.

or sacrificed in extramis during the study were subjected to a gross
postmertem examination. A1l surviving animals were fasted overnight,
weighed the day of scheduled necropsy, given an intraperitaoneal injection
of sodium pentobarbital, and exsanguinated, Necropsies were perfurmed on
211 animals by zppropriately trained personnel using procedures approved
by board-certified pathologists. Each scheduled necropsy was performed
under the direct supervision of a veterinary pathalagist. Necropsies
inciuded examination of the following:

all orifices external surface of the brain

Carcass extarnal and cut surfaces of the

cervical tissues and organs spinal cord (if processed)

craniil cavity nasal cavity and paranasz] sinuses

cut surfaces of the brain thoracic, abdominal, and pelvic
{if processed) cavities and their viscera

external surface of the body

A11 findings were recorded.

Orgzn Weights - At terminal sacrifice the fellowing crgans from
the first 10 mice/sex/group wery weighed (the liver with gallbladder was
2lso weighed from all animals that were sacrificed on the third and fourtn
day of the terminal sacrifica) after carsful dissection and trimming of
fat and othey contiguous tissua;

- 16 =
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hrain with brafnstem Tiver with gallbladder
kidneys testes with epididymidas

Organ-to-tarminal-body-weight ratlos were calculated using the
fasted terminal body weight recorded at necropsy. Organ-to-braln-weight

ratios were also calculated,
Tissue Preservation - The following tissues (when presant) from
each animal were preserved {n 10% neutral-buffered Formalin:

adrenals mesenteric lymph node

brain with brainstem (medulla/pons, mid-thoracic spinal cord
cereb1lar cortex, and cerebral ovaries
corte ) pancreas

tervical spinal cord pltuftary

calon, cecum, rectum prostate

ducdenum, Jjejunum, 1leum salivary glands (mandibular)

esophagus sciatic narve

ayes seminal veslcles

femur with bone marrow skaletal muscie

heart skin

kidneys spleen

lesions stomach

liver with gallbladder testes with epididymidas

Tumbar spinal cord thymus

Tung thyroid/parathyroids

mammary gland (females only) trachea

mandihular Tymph node urinary bladder

masses and associated tissues uterus with vagina and cervix

Histopathology - Preserved tissues from all scheduled sacrifice
arimals in Groups 1 and 4, and all animals from all groups which were
found dead or sacrificed in extromis, were embedded 1n pEraffin,
sectioned, stained with hematoxylin and eosin, and examined
microscopically. Gress lesions were also examined from all animals in
Groups 2 and 3. As potentiz] target organs, the 1{ver with gallbladdar,
adrenal {cortex and medulla), testes and seminal vesicles from al)l animals
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in Groups 2 and 3 were embedded in paraffin, secticned, and stained with
hematoxylin and eosin. Subseguent microscopic examination included the
Tivers from a1l Group 2 and 3 terminal-sacrifice animals; and the adrenal
{cortex and medulla), testes, and seminal vesicles from the Group 3
animals.

statistical Analyses

Cumulative suryival data (A7 Groups and Groups 1, 2 and 1) were
analyrea using the Hatinnal Cancer Institute Package. Trend analysis of
survival was evaluated at the 5.0% one-tafled probability level.

Jeekly body weights, body wefght change (Weeks 1-14, 14-24 74-57
52-104, 1-80, and 1-104), weakly food consumption, total food consumption
(Weeks 1-4, 5-8, 9-13, 14-24, 24-52. and 52-104), clinical pathology data
{excluding cell morphology gradings), terminal body wefghts, and organ
waight data of the contrel group were compared statistically to the datz
from the same sex of the treated groups.  Statistical analyses wers
performed as diagrammed in Figure 1.

If variances of uatransformed data were heterogeneous, a series
of transformations was performed n an effort to achieve wvariance
nomogeneity. When the saries of transformstions wWas not succossful in
achieving variance homogeneity, analyses  were performed on
rank-transformed data, Group compariscns were routinely performed at the
5% two-tailed probability level,

Statistical significance is designated throughout the text of
this report by the term signiffcent. Data transformations are presented
in Appendix 9.

Speciren, Raw Deta, and Final Report Storans
A1l tissue specimens, blocks and slides, raw data, and the final

report will be retzined by Hazleton Washington, Inc., in accordance with
GLP requirements.
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RESULTS

fnalvtica] Chemfstry
Results of pretest analyses for homogeneity, stability, and

rodtine concentration are presented in Table 1.

Homogenelty analyses (low- and high-dose levels) Indicated that
the test material was homogeneously mixed; relative standard deviation
(R5D) values were within 5%, Stability anmalyscs of the 100 and 3200 ppm
dose¢ levels findicated that fFfrozen allquots of the formulations (for
rubsequent presentation to the animals) were stable for up Yo 10 days; and
frozen analytical samples of the formilations were stable for up to 58
days (100 ppm) and 62 days (3200 ppm). A1l wvalues were within +10% of
inttial concentraticon.

Results of routine concentration analyses indicated that all
initial formulations were within +11% of actual target concentrations.
The test materia! has been previocusly shown to evaporate at approximately
5% per day from test diets, At most of the sampling fintervals the
majority of loss in concentration occurred betwaen Days 1 and 2 with the
greatest loss in tie low-dose formulation. Resulis of the 2-day analysis
indicated a loss of approximately 20-30% from the initial concentraticn:
a smaller loss was sean from Days 2 to 3,

In-1ife Observations

Mortaifty - Cumulative adjusted survival through Week 164 {s
presented in Table 2 and depicted graphically in Figure 2; individual
animal dispezition is presented in Appendix 2.

Survival rates or the first cay of Week 105 were 90, 88, 82, and
10% for the Group 1-4 malos and 78, 76, 84, and 0% for the Group 1-4
females, respectively, GStatistical evaluation of survival data revealed
2 stgnificant decrease {n the survival of the high-dose males and famales.
Adcitionally, a significant negative trend was seen for the males and
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females; this stgnificance s attributed to the mortality in the high-dose
animals. Survival rate statistics were also conducted on Groups 1, 2, and
3 only. There were no significant differences in the survival of either
the males or females when Group 4 was exciuded.

Clinical Observaticns - A summary of dally cageside and weekly

physical observations {s presented in Table 2. Individual observatinns
are pre<ented 1fn Appendix 3,

The majority of abnormalities noted during cageside and physical
examinations have been incidental findings, unrelated to test material
administration. A treatment-related clinical abnormaiity is "distended
abdomen” for which the fncidence in the high-dose males and females (Group
4 15 a direct correlation to enlarged Vivers and Tiver masses observed in
unschedyled deaths from Group 4. Convulsions cobserved primarily 4n the
low- and mid-dose males, are net related to  trichlurchenzene
adminfstration, After being handled, an cxtensor-thrust spasm often
acclys in BECIF] mice, and this spasm (as noted In the raw data) s belng
noted as “"convulsfen”™, There has been no evidence of "spontaneous
convulsion™ (without prior handling) in any of the gqroups.

Additionalily, palpable tissue masses (sma1l < 1 cm (d) g Targe)
have been detected in both sexes. However, such masses are primar|ly
external, for which the current d{ncidence of most was not
treatment-related,

Body Weights - Mean body weight data are presented in Table 44
and depicted graphically in Figure 3; total body weight change data (Weeks
1-14, 14-24, 24-52 52-104, 1-80, and 1-104) are presented in Table 4B.
Individual body weight and bedy weight change data are oresented fn
Appendices 4A and 4B, respectively.

Statistically significant values in mean body weight and body
weight change data are summarized in Text Tables ! and 2, respectively.
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Figure 3 q
Mean Body Weights
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Texl Table 2
Statistically Stgnificant Findinga
Bocdy Change Velght Qata

Hales Ferales
Paramelnr Broup: i 3 i R
VEEES 1-14 i rot
WIEES [d-74 1 i
VEEES 24-52 . 1 t
WEEES j-B0 i t t i
WTEKS §-104 t 1 T 1
T Y T ey T p—— ==
ey 4= Significantly decrearsd, p € 0,05,
t = Significantly lnoreazed, p ?_' 0,05,

Compared to control mean values, significantly lower weekly mean
body weights were noted coly in the Group 4 {3200 ppm} males and females
except for the Group 2 females at Weeks 1, 3, 4, and 6. Conversely,
weekly  mean  hody weights were greater (frequently statistically
significant) im the Group 2 and 3 animals compared tao control, Maan boay
weight change was Tower (statistically significant) only in the Group 4
animals {(Weeks 1-14, 24-57 and 1-104 for the males and hWeeks 14-24 and
1-BY for the females). Conversely, body weight change in both sexes of
Group 2 (Weeks 14-24 and 1-104 for the males and Weeks 1-14, 24-52. [-80
ard 1-104 for the females), a5 well as the Group 3 females (MWeeks 1-14,
24-52, 1-BO and 1-104), was significantly greater compared to the
confrols,

Foed Consumption - Mean foed consumption datz ure presented in

Tabie BA and depicted graphically in Figure 4; mean total rood consumption
data (Weeks 1-4, 5-B, §-13, 14-24, 24-52, and 52-104) are presented in
Table 5B. Individual data are presented in Appendix 5.

Statistically significant walues in mean weekly and total food
consumption data are summarized in Text Tables 3 and 4, respsctively.
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Mean Food Consumption
Grove )| Group 2 Group 3 Group 4
Hales
1:.-?_1[ T T 7 T T T T T
|
I
G .Fﬁll 3
A ¥ e, i LT
e e L el e, =
bt [ o
Bl i 1
1
'... 'S B 1 | T NS 1 1 i _|t
' V12 32 42 52 63 73 B3I 94 104
Mook
Females
B | T T T T e 1 —— T T J
7O
e |
S0 -
H 1
Al % b
e = Rl = _&.rjz‘_‘;ﬂh__.-ﬂ-— ey
x_ xf {




o
T s

.-E_

B T

et B

: H¥A 2693-102
© HAZLETON

Ciinfcal Pathology

Msan hematology values ara presented in Table 7 and individual
data are presented in Appendix 7A and 78 for Weeks 52, 78 and 105 and
moribund animals, respectively. indings are further discussad in the
Clinical Pathology Report.

Hematoloay - The mear values for percentage sagmented neutrophils
were significantly increased in Group 3 animals but decreased in firoup 4
animals &t Week 52 and stgnificantly {ncreased {n Group 4 males at Week
105, Mean percentage lymphocyle values wera significantly decreased fin
Group 3 animals and increased 1In Group 4 animals at Wenk 52 and
significantly decreasud in Group 4 males at Week 105, Significant
decreases were observed in the mean values for percentaga monzcytes fn
Group 4 females at Week 52 and cosinophils in Croup 4 males at Waek 52,
Group 4 animals at Week 78, and Group 3 females at Waek 105. The
aforementioned changes are considered to be incidental te the
administration of the test material.

There was no ovidence of an effect of the test material on the
velative differential leukocyte counts or cellular morphoiogy for

moribund-sacrifice animals,

Terminal Studies

Gross Pathology - Gross pathelogy findings are summarized in
Tebles BA, BB and 8C for unscheduled deaths, terminal sacrifices, and all
animals, respectively. Individual gross pathology findings are presentad
in Appendix B.

There was z higher incidence of liver masses. enlarges livers,
irregularly-shaped 1ivers and pale kidneys observed for the Group # males
and females amoig the unscheduled deaths, Other findings were speradic

and not related to traatment,
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Treatment-related findings observed at the terminal sacrifice
were 1imited to an increzsed incidence of liver masses in the Group 3 and
4 malas and the Group 3 females. Other cbservation: were sporadic and not
related to treatment.

Organ Keights - Mean fasted trrminal body wefghts, absolute organ
weights, organ-to-tarmiral-body-weight, and argan-to-brain-weight ratios
are presented in Table 8. Individual data are presented in Appendix 8.

Evalustion of the terminal body weight data revealad
statistically increased values for Group 2 animals and for the Group 3
females; and decrezscd values for the Group 4 males when cempared to
contrel wvalues, Evaluation of the organ welight data revealed
siatistically increased absolute liver values for the Group 2 &nd 3
animals and the Group & males: increased 1iver-to-hody wefght ratie for
the Group 2 females, Group 3 animals and the Group 4 males; increaszed
liver-to-brain weight ratio for the Group 2 and 3 females and the Group 4
males: decreased brain-to-body weight ratio for the Group 2 males;
increased absolute testes with epididymides waights and testes with
epididymides-to-brain weight ratio fer the Group 2 malez; and decreased
absolute testes with epididymides weights; testes with epididymides-to
body weight ratio and testes with epididymides-to-brain waight ratio for
the Group 4 males,

Histopathology - Microscepic findings are summarized in Tables
10n, 108, and 10C for unscheduled deaths, terminal sacrifices, and all
animals, respectively. Individual histopathology findings are presented
in Appendix B. The findings are further discussed in the Pathology
Report.,

Micrescopic evaluation of the 1liver revealed an {ncreasad
incidence of hepatocellular carcinoma in the Group 3 and 4 males and
females (100% of examined Group 4 males, 32% of Group 4 females, 5% of
Greup 3 males, and 56% of Group 3 females), Adenomas were ale? increased
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fn incidence in the same groups (except for Group A males, in which they
were 1ikely overwhelmed by the extent of carcinoma development)., Also
present within 1iver tissue, and cleariy associated directly with 1,2,4-
Trichlorobenzene exposure, was enlargement of hepatocytes within the

52 centrilobular zone of livers from many males of Groups 3 and 4. i
akal
:fi Findings with fncreesed incidances not related to treatment with
18 1,2,4-Trichlorobenzens included increased congestion/hemorrhage of the
iy | :
i vorticomedu) lary junction of the adrenal cortex of the Group 4 males and y
ffi femeles; decreased secretfon of the seminal vesicles of the Group 4 miles: "
fﬁj and increased congesticn/hemorrhago in the Tungs of tha Group & males and ;
i females. :
i ;
All other histologic changes were comparably distributed between i
' 3
.1 oxamined grouss and of the type and general frequency usually encountered 5
E in normal populaticns of mice of this strain and age. ’
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DISCUSSION AND CONCLUSION

1,2,4-Trichlorobenzene was zdministered dafly in the diet to
BECIF mice for 2t least 104 consecutive weeks. There were 50 mice per
sex in each study group. For Groups 2, 3, and 4, target dietary
concentrations of 1,2,4-Trichloroberzens were 150, 700, and 3200 ppm.
Mice in Group | were adminfstered the basal diet alone and served as ithe
concurrent control group. Due to volat{lity of the test material, each
study group was housed in a separate room to prevent any cross-contamina-
tion of test material between dose groups.

Dietary administration of 1,2, 4-Trichlorobenzene was required by
the FPA test rule (40 CFR Part 799.1053; Federal Register ¥l Bl oops
24657-24667, July B, 1986). Duz to the volatility of the tes! matarlal,
précautions were taken to meximize Lhe dietary intake of 1,2,4-Trichloro-
henzene by the test animals at the prescribed dietary cancentrations. The
dietary formulations or 1,2,4-Trichlorobenzene for Groups 2, 3, and 4,
were prapared weekly at 110% of target concentration. The dietary
formulation of 1,2,4-Trichlorobenzene for each study group (as well as
basal diet for Group 1) was then aliguoted fnto labeled glass jars (each
approgimately l-gallon volume, and seiled with a Teflon-1iped 1id} and
ciored frozen until needed for presentation to the animals. Thres times
duriny each study week, the resfdual diet in each animal’s feeder was
replaced with fresh diet (removed from frozen storage). Therefore,
dietary formulations of 1,2,4-Trichlorobenzene remained in the animal's
feeders for a maximum of 3 days before being repiaced with fresh diet
containing the apprapriate concentration of 1,2,4-Trichiorobenzens,

fariodically througheut the study, the dietary Formulations of
1,2,4-Trichiorobenzene were sampled at the time of preparation and found
to be >100% of target concentration (except for the Week 2, low-dose
formuiation, znd the Week 72 low- and mid-dose formulatfons, where the
dietary concentraticns of 1,2,4-Trichlorcbenzene werz > 95.7% of target

P I
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concentration). Analyses also findicated that dietary formulations of
},2,4-Trichlorobenzens were stable for up to 10 days under the conditions
maintained for froren storags of 2liquots subsequently presented to the
animals. Also paricdizally throughout the study, samples of the residual
1,2,4-Trichlorobenzenc dfetary formulations remainfng in the animal's
feeders afler either 2 2-day or 3-day feeding interval were collected and

analyred, Results indicated that dietary concentrations of 1,2,4-
i irichlovobenzene decreased at an average rale of approximately 10% -or
LAY day. Throughout the study, the lowest mecan concentration of 1,2, 4-
?. Trichlorobenzene detected in a residuval feed sample was 62.7% of targa’.

i concantration after a 3-day feeding interval (Group 2 at Week 13.

lor Groups 2, 3, and 4, during Weeks | through 104, the mean
¥ daily consumed dute (based on target dietary concentrations) of 1,2,4-
Trichlorchenzene was 20,9, 100.5, and 522.0 mg/kg/day, respectivaly, in

i the males: and 26.2, 127.2, and 574.9 mg/kg/day, respectively, in the
-ﬁ females. The mean dafly consumed dose (based on assayed dietary
$ concenlrations) was 21,0, 100.6, and 519.9 mg/kg/day, respectively, in the
males; a.d 26.3, 127.0, and 572.6, respectively, fn the females of Groups
ﬁ' & 3, and 4. Therefore, throughout the study, the mean dafly dose
E: consumed by females in Groups 2, 3, and 4, was 25.4%, 26.6%, and 10.1%
b greater, respectively, than the mean daily dose consumed by males in the
= same dase groups,

ﬂi The high-dose cf 1,2,4-Trichlorobanzene produced a significant

decrease in survival. At Week 1G4, survival rates in Groups 1, 2, 3, and
4. were 90, 88, B2, and 10X, respectively, in the males; and 78, 76, 84,
and 0%, respectively, in the females. The treatment-ralated decrease in
survival in Group 4 occurred during the second year of the study: however,
at Teast 58% of the high-dose males ar females survived through 78
tansecutive weeks of 1,2,4-Trichlorobenzens administration. In Groups 1,
2, 3, and 4, survival rates on the first day of Week 52 were 100, 100,
100, and 96%, respectively, in the males; and 98, 98, 100, 96%,
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respectively, in the females; and at Week 78, survival rates were 98, 98,
98, and 64%, respectively, in the males; and 92, 54, 96, and 5B%,
respectively, in the females,

Treatment-related abnormalities were also noted during daily
cagesfde and weexly physfcal examinatfons. Refiecting the increased
incidence of mortality in Group 4, the incldence for typical indications
af ante-mortem condition (hunched posture, hypoactive, dyspnea) were also
notably increased In Group 4. A dose-related increase for distended
abdomen was indicative of the dose-related induction of 1iver enlargement
and Tiver neoplasms with associated accumulation of ascitic fluid. In
Groups 1, 2, 3, and 4, the incidence of animals exhibiting distended
abdomen was 12, 22, 34, and 92%, respectively, in the males; and 14, 26,
18, and BO%, respectively, in the femalas. An ircreased fincidence of
urine stains in the high-dose (Group 4) males and femalec (30 and 28%,
respectively, compared to 8 and 6% fin the control maips and females,
respectively) was also a treatment-related finding of undetermined
etiology. A1l other clinical abnormalitfes were incidental findings,
unrelated ta 1,2,4-Trichlorobenzenc administration, Including the notatien
of "convulsion®. “Convulsion® was noted during animal observations lo
describe the extensor-thrust spasm that often occurs in B6C3r] mice after
they have been handled. As decumented in the raw data for the current
study, spasms or cenvulsions only cccurred immedfiately after the mice had
been handled, and were not observed at any other time.

A treatment-rel=ted depression of body weight gain occurred only
in the high-dose (Group 4). Throughout the study, with few exceptions,
weekly mean body weights for the Group 4 males and females were signifi-
cantly lower compared to the control mean values. Accordingly, mean totai
body weight gain was significantly lower during Weeks 1 through 80 in the
Group 4 males and females, and was significantly lower during Weeks 1
through 104 in the Group 4 males (no Group 4 females survived to Week
i04). For males and femalas in the low- znd mid-dose (Groups 2 and 3},
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weekly mean body weight values, as well as mean total body weight gain
values were generally squal to or greater than control group mean values.
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Esnecially during Weeks 1 through 12, food spillage/waste by mice
in all groups, fncluding the controls, negated the measurement of fous
cunsumption for those mice with spiiled Teed. However, the incidence of
feed spillage/waste was notably decreased in the high-dose (Group 4! mice

compared to the other groups. and was likely an indicatien of food

avoidance due to poor palatability of the 1,2,4-Trichlarabenzene/dlet

& mixture, After modifications of the feeder failed to substantially
S decrease the incidence of spilled feed, a different type of feeder was

used Tor the remainder of the study (beginning with Week 15), During the

r

1 first 16 weeks, and continuing throughout the study, weekly maan food
consumption values im the Group 4 males and females wera notably lower,

frequently significantly lower, compared to the control mean values,

Conversely, beginning in Week 2 and continuing thiroughout the study,

-i".‘_ weekly mean food consumption values in the Group 3 males and females were
%ﬁ genarally egual Lo or greater than control mean values, Although poor
i . .
L palatability may have been a contributing factor to the decreased food

cansumptfon by the Group 4 mice, systemic toxicity in the Group 4 mice was
evident from clinical abnormaifties and necropsy findings in unschaduled
doaths Tharefars, the decreased food consumption 1n Group 4 was
considered a treatment-related effect.

Evaluation of hematelogy parameters, including ceil merpheoiegy,
during Weeks 52, 79, and 105, {ndicated no texic or carcincgenic effect on
the hematopoietic syctem due to dietary administratien of 1,2,4-Trichloro-
benzene at any dose level, fncluding the high-dose (3200 ppm). Howevar,

necropsy and histor:tholeogy findings clearly indicated the liver in mice
to be a target crgan o 1,2,4-Trichlorobenzene, resulting in the
induction of hepatic texicity and carcinogenicity.

The Tiver vas e.amined microscopically from all animals in all
study groups (with the exczptien of one contrel male for which hepatic

.




'I."';.E.""_-_..':_-_ i

e
A

ErEaye

HWA 2603-102

autolysis precluded definftive histopathologic examination). In Grouns 1,
2, 3, and 4, the incidence of hepatocellular carcinon: was B/4%3, 5/50,
27/50, and 50/50, respectively, in the males; and 1/50, 1/50, 28/50, and
46/50, respectively, in the females. For hepatocellular adenoma, the
incidence in Groups 1, 2, 3, and 4, was 4/49, 7/50, 16/50, and 2/50,
respectively, in the males; and 3/50, 4/50, 15/50, and 8/50, respectively,
in Lhe females. In addition to the finduction of hepatic adenomas and
carcinomas in the mid- and high-dose mice, 1,2,4-Trlchlorobenzane
administratinn caused centrilobular hepatocytomegaly in Group 2 and 4 mice
with and without concurrent hepatic neoplasia. 1In Groupes 1, 2, 3, and 4,
the {incidence of centrilobular hnepatocytomegaly was 0/4%, Q/50, 27/50 and
20750, vespectively, in the males; and 0/50, 0/50, 1/50, amd 8/50,
respectively, in the females,

Necropsy findings for the liver were predictlive of Lthe fncreased
ineidence of neoplasia in the mid- and high-dose groups, In Groups 1, 2,
i,
92%, respectively, in the males; and 10, 16, 74, and BEX, respectively, in

the females. The incidence for mice exhibitiny abdominal ascitic fluid,

and 4, the percent of mice exhibiting 1iver masses was 24, 22, 74, and

as well as vwisibly enlarged or irreqgularly shaped livers ware notably
increased only in the high-dose graup cempared to the controls.

Although the incidence for Tiver neoplasia and masses were not
increased in the low-dose (Group 2) mice compared to the controls, organ
weight data indicated a dose-related increase for liver weight in males
and females. Compared to control mean liver weight values, the absulule
and relative (to body weioht) mean values for liver weight were signifi-
cantly increased, with a duse-related patiern, in all 1,2,4-Trichloraben-
zene dose groups (except for the Group 4 females, none of which survived
to study termination). A dose-related increase was also evident for the
mean liver-to-train weight ratio, but ths mean values were significantly
greater only in the Group 4 males, and Group 2 and 3 female:
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Except for the liver, all other tissues examined histopathelogi-
cally from the high-dose (Group 4) did net contain any merphoiogic
abnormality that was a direct result of 1,2,4-Trichiorcbenzene administra-
tign. At necropsy, the parcent of mice noted to have pale araas of the
kidneys in Groups 1, 2, 3, and 4 was 0, 0, 14, and 40%, respactively, in
the males: and £, 0, 10, and 24%, respectively, in the females. However,
there were no treatment-related histomorphologic abnevmaltities in the
kidneys from the high-dose (Group 4) compared to the tontrels. Although
the testes were noted at necropsy te bz small 1n aniy 37350 hign-dose
males, the absclute and relative (to body welght anc to brain welght) mean
organ weight values for the testes were significantly decreased in the
Yigh-dose males. AL necropsy, the percent of males noted to have small
seminz] vesicles in Groups 1, 2, 3, and 4 was 0, 2, 4, and 40%, respec-
tively. The testes and seminal vesicles were examined micrescopically
from 411 males in the contro!, mid-, and high-dose (Groups 1, 3, and 4).
For Groups 1, 3, and 4, the percent of males exhibiting degensration
(either uni- or bilateral) of the testes was 2, 6, and 20%, respectively;
and the percent exhibiting decressed secretion (bilateral) in the seminal
vesicles was O, 2, and 53%, respectively. In the conspicuous absence of
a dose-response relationship, the degenerative changes evident in the
testes and seminal vesicles of the hioh-dose males wore most probably a
secondary effect, resulting from the prolonged and severe cachectic state
in the high-dose males caused hy the liver neoplasia. AL necropsy, the
adrerals did not appear to be abnormal (enlarged adrenals in one high-dose
female was the only abnoriality noted). However, the adrenals were
examined microscopically from ail mice in the control, mid-, and high-dose
groups. For Groups 1, 3, and &, the percent of mice exhibiting adrenal
degeneration/necrosis was 26, 12, and 51%, respectively, in the males; and
o0, 85, and 54%, respectively, in the femalas; and the percent exhibiting
adrenzi congestisn/hemorrhage was 10, 2, and 45%, respectively, 1in the
males; and 32, 46, and 50%, respectively, in the females. As a result of
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ane- and sex-related hormonal changes, the adreral glands of aging rormal
mice, especially females, typically exhibii cungestion and degenerative
changes within the inner cortical region, resuiting in hemorrhage anu
congestion in the more severe cases. Unlike the majority of mice in
Groups 1, 2, and 3, that were exsanquinated just prior to necropsy at
study termination, almest all of the mice in Group 4 died during the
study, and thercfore were necropsied without prier exsanquination,
rrsulting in an artifactual presence of adrenal congestion/hemorrhage and
degenerative changes. In the absence of a dose-rasponse relationship,
histomorphologic abnormalities in the adrenals of the Group 4 mice were
not a direct effect of 1,2,4-Trichlorobenzene administration,

I'n conclusion, in BGC3FY mzle and female mice, the no-observed-
effect-Tevel (NOEL) of 1,2,4-Trichlorobenzene for carcino enicity was
1580 ppm; and the no-observed-adverse-effect-level (NOAEL) for syslemic
toxicity was 150 ppm. Compared ta the contrals, the 1ioce of
hepatocellular carcinomas was increased in the mid- (700 ppm, d high-
dose (3200 ppm} males and females. In the lov-dcse (150 ppm) mice, Lhe
incidence of hepatocellular neoplasiz was not increased conpared to the
controls. Althouah there was no detectable histepathalogical correlate,
liver mean weight values were significantly increased in the 150 ppm males
and females; and mean liver-to-body-weight and liver—te-brain-weight
values were significantly increased in the 150 ppm females.
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CLINICAL PATHOLOGY REPORT

SUMDATY
The test material, 1,2,4-Trichlorcbenzene, was adminisiered to

mice at dietary levels of 0, 150, 700, and 3200 ppm (Groups 1-4,
respectively) for at least 104 weeks. Blood smears were collecied from
all groups and examined for Groups 1, 3, and & at Weeks 52 and 104 and
Groups 1 and & at Week 78 for determination of relative differential
leukocyte counts and cellular morphology, There was no evidenca of

Jeukemia in the control or treated animals,

Results and Discussign

Hematology - Dased upon evaluation of the bleod smears, the
absolute leukocyte counts were estimated to be within normal Timits for
most animals; the significant changes observed 1n the relalive
differential loukocyte counts were of low magnitude and considered of no
biologic or toxicologic importance. The mean values for percentage
segmented neutrophils were significantly fncreased in Group 3 animals but
decreased in Group 4 animals at Week 52 and significantly increased in
Group 4 males at Week 105. Mean percentege lymphocyte values were
significantly decreased in Group 3 animals and increased in Group 4
animals at Week 52 and significantly decreased in Group 4 males at
Week 105, Significant decrezses were observed in the mean values for
percentage monoccytes in Group 4 females at Week 52 and eosinophils in
Group 4 males at Week 52, Group 4 animals at Week 78, and Group 3 females
at Week 105. The aforementioned changes are cansidered to be incidental
to the administration of the test material.

The incidence of echinccytosis was s1ightly increased in Group 4
males at Weeks 52, Group 4 animals at Wesk 78, and Group 3 animals and
Group 4 males at Week 105. The incidence of acanthocyles was frcreased in
Group 4 females at Week 78, Echinocytosis may be cbserved 2s an artifact
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of blocd film preparation and is not specific for a patnologic process;
acanthocytosis s a rather nonspeeific finding but 1s seen in animals with
Yiver, spleen, cor kidney diseass,

Unscheduled Dgathy - There was no evidenve of an effect of the

test mater{al on the relative differential leukocyte count:z or cellular
morphology for moribund-sacrifice animals.

Clinical Pathologist:

Ldp. (. . Allutén Cunt 2, 1494

Renée C. Pearson, H.5., D.V.M., Dat

Diplomate, American College of Veterinary
Pathologists

Department of Pathology
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PATHOLOGY REFORT

Four groups of BEC3FI/Cr1Br/Charles River mice wore each exposed
to 1,2,4-Trichlorobenzene at one of four dose levels defined as follcws:
Group 1 - vehiclie contre! (50 males, 50 females), O mg/kg/day; Group 2 -
Yow (50 males, 50 females), 150 mg/kg/day; Group 3 - mid (50 males, 50
females), 700 mg/kg/day; OGroup 4 - &igh (50 males, 50 females),
3200 mp/kg/day, [xposure was via the diet for 2 period of approximately
104 weeks, after which all surviving animals were sacrificed for
pathologic evaluation. Evaluation of those animals (including any
sacrificed in extremis or dying prior to the scheduled sacrifice) is the
subject of this repert.

Methods
A11 surviving animals were sacrificed, at the appropriate time,

by exsanguinztion under barbiturate anesthesia, and all were subjected to
a necrepsy examination. A11 surviving animals were weighed once prior to
the initiatian of exposure, weekly during Weeks 1-16, and once every four
weeks thereafter, including just prior to necroosy.

Clinfcal ckservations were reviewed at necropsy, and a1) grossiy
observed abnormalities were entered directly inte the computerized data
capture system.  Kidneys, brain (with brainstem), and iestes (with
enididymides) were weighed from 10 animals/sex/group.  Liver (with
gellbladder) was weighed from all animals sacrificed on Days 1, 3, and 4
of the terminal sacrifice.

Aftar gross examination, appropriate samples of each of the
following organs/tissues were preserved in 10% neutral-buffered formalin:

masses and associated tissuss seminal vesicles
rass lasions ovaries
rain with brainsiem uterus with vagina and cervix
(medulia/pons, cerebellar mammary gland (females anly)
cortex, and cecetral cortex) skin
Y .
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pituitary B50pnagus

thyroid (with parathyroids) stomac

thymus duodenum, Jojunum, ileum
traches colen, cacum, rectum
lungs urinary bladder

heart mesanterfic lymph noda
salivary glands (mandibular) mandibular lymph node
1iver (with gallbladder) sciatic narve

splean cervical spina! cord
kidnays mid-thoracic spinal cord
adrenals Tumbar spinal card
pancreas femur witn bone marraow
testes with epididymides skelatal muscle {Lhigh{
prostate eyes (with Harderian glands)

After fixation, &1l bony tissues ware decalcified prior to
processing., Tissues to be examined histologically were embedded In
paraffin, secticned &t 5 4, and stained with hematoxylin and eosin.

As required by the protocel, histolegic avaluations were
conducted on those tissues listed above from a1l animals of Groups 1 and
§ sacrificed at Lhe terminal point of the study and from any animals dying
or sacrificed in cxtremis prior to the scheduled sacrifice. Gross lesiens
wera examined from &1l animals regardless of axposure level. The 1iver
was didentified as a possible target organ during the 1nitial
histopathological evaluations and was then, as required by the protacel,
examined histoleogicaily from 211 remaining animals. In addition, adrenal
cortex, testos, and semina) vesicles were examined from Group 3 animais in
order to help define any possible relationship betwsen certain changes
encountered fn these crgans during inftial histalegic examination, and
expaosure to the test substance. A}l histologic findings were entered
directly into the computerized data capture system. Mes' nontumor lesions
ware graded as to relative geverity or degree of involvement {1 = minimal,
2 = slight, 3 = mederate, 4 = moderately severe, 5 = severe). The grades
are subjective, comparative evaluztions, based on morphology alone, and
arg not fintended by themselves to imply any degree of functionsl

impairment.
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Gross and Related Findings

Gross findings are summarized in Jatatl in the tables and
appendices,

Survival was drastically reduced in males and females of Group 4
comparod to othar exposura groups. Only 5/50 males and 0/30 femeles of
Group 4 survived to termination, compared to survival rates that ranged
From 74 to 90% in all othar sex/dosa groups (higher survival in males}).
Most of the deaths in Group 4 oceurred as a result af hepatocellular
carcinomas, many of which were large and ohserved grossly.

Mean terminal body weights may have baen affected by exposure Lo
1,2, 4-Trichlorobenzene, but {nterpretation of terminal welght values alone
ic confounded by the lack of surviva) at tae highast doso level. However,
mean body weights were significantly depressed i Group 4 antmals of both
soxes for the duration of the study, ctarting with the first weex of
exposure. In other groups, body weights ware fnconsistenl comparad Lo
controis, but were frequently increasad over the duration of the study.

focd consumption was less consistently affected, being generally
depressed in Group 4 fer the first 55 to 60 weeks, but then rebounding to
become increassd relative to controls for the remainder of the study.
This rebound phenomenon {s difficult to explain; nevartheless, body
waights did not rebound with the increased food consumgptfon, a conditien
explainable by the severe pathalogy present in animals of Groups 3 and 4.

Terminal or-an weight data were also clouded by high mortality in
Group 4 cnimals; however, & number of observations arg important.

Mean terminal liver weighls were significantly increaszd in males
of Groups 2, 3, and 4 and females of Groops 2 and 3 (all Group 4 females
died prior to terminaticn). This occurred partly as 2 result of Tiver
tumors {many of them very large) which were pressnt in increased numbers
in males and females of Groups 3 and 4 and partly because of another less
obvious alteration observed histologically, which will be described later
in this report.
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Mean termina! testicuiar welights appear to have bezn
significantly depressed in Group 4 males compared to ¢11 other groups.
There was no clear histologic correlate, but the histologic date do
suggest an fncresse in tne degree of degeneralive changes within the
testes of Group 4 animals.,

The most commonly described gross abnormalities were masses,
onlargements, or ‘rregularities of contour within the Tiver. Seen mostly
in males urd females of Group 4 and indicative of an effect of exposure to
the test substance, most of these lesions were subsequently shown
histolagically to be hepatocellular carcinomas. It was common for these
neaplasms to be accompanied by grossly noted accunmulations of ascitic
fluld,

“Lumen. material” was freguently described within the glandular
otomach of many terminal-sacrifice animals without relation to dose, This
wat the result of mice Ticking their t21)] after the tip had been amputated
for blood collection and nat reflective of any lesfun of the stemach
ttself,

(ysts were frequently observed grossly within the uvarfes and
uterus of female mice without relation to exposure. Both are common, &ge-
related lesions that occur in laboratory mice of this and other strains as
a result of endocrine senescence.

"Pale area" was noted in the kidneys of Group 4 animals of both
sexes at a higher incidence than zny other exposure groups. There was no

specific histologic correlate.

Hjﬁtﬂ]}i L!tQEQgV
Histologic findings ars summarized in the tables and appendices.
There was & large (and significant) increase in the incidence of
hepatocelluler carcinomas 1n males and females of Groups 3 and 4 cempared
to the other groups. Hepatocellular carcinomas were present in 100% of
examined Group 4 males, 92% of Group 4 females, 54% of Graup 3 males, and

iy
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56% of Greup 3 females., In no other group did the incidence exceed 6%,
The tumors were mestly large and cften multiple, frequently with puimonary
metastases. Architecturally, the carcinomas were haterogencous, often
characterized by some degree of trabecuistion.  Adenomas were also
increased in incidance in the same groups (:xcepl far Group 4 males, in
which they were 1ikely overwhelmed by the extent of carclnoma
development), but were smaller and more cir umseribed, with less
architectural and cytologic variation. Hecrosl|s, often present witnin Lthe
neaplasms and {n the adioining pegrenchyma, was mostly interpreted as
secendary to the neoplasia.

Also present within Tiver tissue, and clearly assocfated directly
with 1,2, 4-Trichlgrobenzene exposure, wis enlargement of hepatocyles
wilhin the centrilobular zone of Vivers from many maies of Groups 3 and 4,
fnicluding animals with and without concurrent hepatic neaplasia.
Hepatocylic cytoplasm within sffected areas appeared slightly more dense
and eosinophilte than gormal, This change, when sean, 15 often assoclated
with increased liver weights,

Other hepatfc aiterations, fincluding focal nacresis, portal
tnflammation and fibrosis, and regenerative changes ware also related 4o
exposure to the test substance, but were 1ikely secondary to or influenced
by the severe degres of hepatic necplasta present in these animals.

Mone of the othsr observed histologic changes were clearly
attributable to 1,7,.4-Trichlorcbenzene expnsure,

A number of spontaneous lesions that are normally Increased as
mice of this strain age were seen less frequently fn animals of Group 4 4s
2 result of the very high mortalfty that occurred [n bo*h males and
ferales al that exposure level, Included in this group of lTesfons were
focal mineralization within the thalamic region of the brain, deyaiopment
of peribroncnial/perivascular lymphoid aggregates within the 1lungs,
lesiens of chronic progressive nephrraathy, 2nd development of ovarian
cysts and uterine cystic endometrial hyperplasi-,

T |-
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The adrenal glands of aging mice, mostly female, frequently
exhiblted rongestion and degenarative changes within the fnaer cortica)
region, resulting in hamorrhage and necroesis in the more severe cases, In
agdition, many of these giands showed varying degreas of hyperplasia aof
the subcapsular spindie-cell populatien. These changes are all marmonally
related to age and sex and are expected in normal mice of chis age and
strain, They are not restricted entirely to females, but the degererative
changes, especially, are generally much mare prancunced In that sex. That
pattern was true for this study; however, fin males, there wias the
Impression of increased congestion/hemnrrhage and degenerative changes
within the corticomedullary region of the adrenals In animals of Group 4
compared to control. 1L {5 important to consider, however, thal many
Group 4 males died and were necropsied withoul exsanguination, and In many
of these autolysis within this anatomic area was considerable. Given the
complete absence of & dose response, 23 gemonstrated by the lack of any
{neraase 1n the incidence of these lesions In Group 3 animal:z of either
sex, 1t 1s very Tikaly that the observad increase in degenerative changes
recorded for Lhis area was artifact.al rather than any direct effect of
exposurs to the tesht substance,

The seminal vesicle: of Group 4 males often appearcd emply and
contracted; there was also an f{ncrease in the chserved incidence of
degenerative changes within testicular seminiferaus tubules. Group 3
znimals were not affected. While these changes are compatible with z
toxic effect, they are also characteristic of praolonged cachectic and
termina) disease processes in which normol physiologic activities are
often severely affected. The latter explanation seems probable in [fght
of the conspicuous lack of dose response and the severe and fata)
debilftation suffered by animals of Group 4.

A1l other histologic changes were comparably distributed vetween
examined groups and of ths types and general freguencies usually
encountered in normal peopulaticns of mice of this strain and age.

- 49 -
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Discyssipn and Conglysions

Dietary exposure of BSCIFT mice to 1,2,4-T7 ‘zhlaorokenzene for 2
years, or until death intervened, resulted in the {ndustion of liver
tumors (mostly hepatocellular carcinomas, but «1so significant numbers of
adenomas) in males and females of Groups 3 and 4. Because 1i{vaer wias shown
early {n the study to be a target organ, all livers were examined
histolegically; thus, the relatively low incidence of Tiver tumors at the
Group ? level (comparable to contrel incidences) would suggest that there
was no henatocarcinogenic effect of exposure at that level.

Centrilobular hepatocellular hypertrophy was also seen in males
of Groups 3 and 4 as a direct result of exposure to the test substance,

Group 4 survival was very poor. All females and all bul five
males of that group died or were sacrificed in extremis prior te the
study's termination, and the pattern of early death became evideat yuile
early - at approximately 65 to 70 weeks into the study for both igzes -
and progressed at a rap'd rate for the remainder of the study.

Comprehensive histopatholegic evaluations were performed
rout aely enly on animals of Groups | and 4. Tissues other than llver
from animals nf Groups 2 and 3 (in which survival was excellent) and
adrenal cortex, testes and seminal vasicles from animals of Group 3 were
not eximinad histolegically except from the relatively few animals of
those groups dying early or unless grossly abnormal; consequently, most of
the tissues examined from animals exposed to the test substance were fram
animals that disd early. Except for liver, adrenal cortex, testes, and
ceminal vesicles then, there were relatively few Lissues of #ny kind
examined from animals exposed to the test substance for the entire 104
week expesure perind. While 1ittle can be said af the status of those
tsccues from animals of Groups in which they were unexamined, it scems
~pasonably well cstablished tihat those "degenerative lesions” abserved
with greater frequency in adrenal cortex, testes, and semina vesicles af
Group 4 animals were partfally secondary to the prolongsd and severe
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cachectic disease that resulted in the death of so many animals of that
group and partiaily artifactual (a result of the lack of exsanguinaticn in
autolyzed tissues). There is no evidence that they occurved Trom direct

toxic effects of 1,2.4-Trichlorobenzene:

Pathalogist:
el -7
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Richard H. Cardy, D.V.M., D.A.B.T,,

Mplomate, American College of Veterinary
Pathologists

Department aof Pathology
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